ABSTRACT
INTRODUCTION
Submerge entry nozzles, the so-called SEN are very important parts of the nozzle equipment for continuous steel casting [1] [2] . They are made from refractory material.
The alumo-graphite SEN are most often used. The SEN for continuous steel casting should have the following characteristics:  Temperature stability in the temperature zone up to 1600 o C; ____________ *Corresponding author: Snežana Dević E-mail: snezana.devic@institutims.rs Paper received: 03. 11. 2016. Paper accepted: 15. 01. 2017. Paper is available on the website: www.idk.org.rs/journal  Low ability of chemical reacting of refractory material and liquid steel and alloying elements thereof;  Resistance to erosion at high steel flow rates;  Low porosity, for reducing the possibility of air penetration into steel;  Low sensitivity to thermal shocks;  To enable a stable casting process by its properties;  Exact geometrical form;  Economically justified price [1] .
At continuous steel casting, the SEN enables a uniform steel flow from the tundish into the crystallizer and protects steel from oxidation. During exploitation the SEN is in contact with steel on the internal side of the wall. On the external side the SEN is partly (slag layer) in contact with casting powder and slag formed from casting powder. Depending on mineralogical-chemical composition of the casting powder, a stronger or weaker external SEN erosion occurs [3] [4] [5] [6] [7] [8] .
The steel, in contact with the SEN wall, can have a mechanical effect, when, due to high flow rate, it causes wear-out and abrasion, but also a chemical effect, when internal SEN erosion occurs [9] . At the occurrence of internal erosion, the internal nozzle diameter is increased. However, the formation of build-up occurs more often. The formed build-up reduces the internal SEN diameter, and thereby steel flow, which leads to exclusion of SEN from the casting process [10] .
The macro appearance of the alumo-graphite SEN after exploitation is shown in Figurw 1 and 2.
EXPERIMENTAL PART
The experimental section included microscopic testing of a certain number of alumo-graphite SEN, on which external erosion occurred, that originated by the effect of casting powder with different composition or the appearance of build-up on the internal SEN wall. At the same time, microscopic testing of casting powders and build-up has been carried out. Microscopic testings were performed on the reflected or transmitted light microscope. Characteristic results of those testings have been selected and shown in this scientific paper.
RESULTS AND DISCUSSION
Build-up is formed on the internal side of the SEN wall. Inner build-up of alumo-graphite SEN are shown in Figure 3 . unutrašnje erozije As it can be seen, the thickness of inner buildup of the SEN is different, and it ranges from 7mm to 20mm. At the same time, the value of internal diameter of the SEN has been increased, which indicates that internal SEN erosion (Table 1 ) also occurred. The formation of build-up, in such cases, is, on one hand, the result of deoxidation and reoxidation of steel, and on the other hand, the result of reaction between the oxides from SEN material and the elements of steel composition.
A group of the presented SEN has been used at continuous casting of carbon steel and aluminum killed steel.
SEN are shown in Figure 4 , but without the appearance of internal SEN erosion. The internal diameter of the SEN has not been changed but it retained the initial value ( Table 2 ). The build-up, formed in the first two SEN, is only the result of steel deoxidation and reoxidation process. The oxides from SEN material did not take part in the formation of build-up on the internal side of the wall of these SEN. Phase composition of build-up has been determined by the polarization microscope (transmitted light) and by X-ray diffraction analysis (XRPD).The basic mineral in the composition of build-up is α Corundum.
In addition, there are most often minerals such as Hibonite 5H with the formula CaO 3 Al 2 O 3 3Fe 2 O 3 , Magnetite FeOFe 2 O 3 and graphite C. Calcium hexaaluminate CaO6 Al 2 O 3 can be sometimes found in the build-up, which is very similar to Corundum according to microscopic characteristics. Figure 5 shows the micro appearance of a build-up in the transmitted light microscope (immersion liquid, xilol). It can be seen on the figure that grain-like forms of αCorundum and irregular forms of hematite or magnetite are present in the build-up composition. According to characteristics (color and form) in the transmitted light microscope, magnetite, graphite and hematite are very similar, therefore, for confirming the identification of these mineralogical phases the X-ray diffraction method is used.
The X-Ray diffractogram of the internal build-up of the SEN A8 (carbon steel) is shown in Fig. 7 and the X-Ray diffractogram of the internal build-up of the SEN B7 (aluminum killed steel) is shown in Fig.  8 . Besides the values of the build-up thickness and internal erosion, the technological parameters, such as casting speed and casting time, are also shown in Tables 1 and 2 . Legend: d -internal diameter of the Alumo-graphite SEN before exploitation; dp -internal diameter of the Alumographite SEN after exploitation ; Tb-Thicknes of build-up Legenda: d -unutrašnji prečnik Alumo-grafitnog SEN pre eksploatacije; dp -unutrašnji prečnik Alumo-grafitnog SEN posle eksploatacije ; Tb-Debljina nalepa 
Figure 7.X-Ray diffractogram of the internal build-up of the SEN A8; 1α-corundum, 2-hibonite 5H, 3-hematite, 4-magnetite, 5-Fe, 6-graphite Slika 7.Rendgenski difraktogram unutrašnjeg nalepa SEN A8; 1α-korund, 2-hibonit 5H, 3-hematit, 4-magnetit, 5-Fe, 6-grafit Figure 8.X-Ray diffractogram of the internal build-up of the SEN B7; 1α-corundum, 2-hibonite 5H, 3-hematite, 4-magnetite, 5-Fe, 6-graphite Slika 8.Rendgenski difraktogram unutrašnjeg nalepa SEN B7; 1α-korund, 2-hibonit 5H, 3-hematit, 4-magnetit, 5-Fe, 6-grafit
Alumo-graphite SEN are, during the continuous steel casting process, more or less intensively exposed to the effect of casting powder and its slag that was formed in the crystallizer. The result of this effect is the appearance of the external SEN erosion.
The appearance of the external SEN erosion is shown in Figure 1b . The casting powder is a polymineral material, mixture of several mineral components in a defined ratio. In contrast to powdery casting powder which is cheaper, the granulated casting powder is also used. The micro appearance of granulated casting powder is shown in Fig. 9 , and mineralogical composition of three casting powders is shown in Table 3 .
Figure 9.Micrograph of granulated casting powder (transmitted light), magnification x250; 1-granules Slika 9.Mikro izgled granulisanog livnog praha (propušteno svetlo), Uvećanje x250; 1-granule
As it can be seen from Table 3 , in the casting powder composition there is most often quartz, fluorite, graphite, hematite, which is, at the same time, common for them. The thing that differentiates them is the presence or absence of wollastonite, calcite and some other mineral. The micro appearance of the casting powder containing plate-like forms of wollastonite and irregular forms of hematite and graphite is shown in Fig. 10 . 
-volastonit, 2-grafit, 3-hematit
The micro appearance of the casting powder SRD-1 is shown in Fig. 11 , which caused a considerably higher external erosion of the alumo-graphite SEN than the casting powder SRD-2 shown in Fig. 12 . 
-hematite Slika 12.Mikro izgled livnog praha SRD-2 (propušteno svetlo-imrzija, tečnost xilol) 1-volastonit, 2-kvarc, 3-fluorit, 4-grafit, 5-hematit
A decrease of external erosion of the alumographite SEN during the effect of casting powders containing the mineral wollastonite in the mineralogical composition has been recorded in plant and laboratory conditions. The external erosion of the alumo-graphite SEN is 2.5 times lower than the external erosion of the alumo-graphite SEN that were exposed to the effect of casting powder without wollastonite. The presence of wollastonite in the casting powder SRD-2 had a favorable effect on the decrease of erosion of the alumographite SEN.
The unchanged structure of the alumographite SEN (the middle of the wall) composed of grains of the primary corundum and graphite, in strip form, is shown in Figure 13 . Figure 14 shows the structure of the wall of the alumo-graphite SEN (internal side of the wall on contact with steel). As it can be seen, the wall structure has been affected, and it consists of graphite strips, newly formed secondary corundum, silicate glass and steel inclusions.
The structure of the alumo-graphite SEN has been affected, due to the reaction of material oxides and steel elements, which brought about the internal erosion of the alumo-graphite SEN. In this way, the secondary corundum has been formed on the internal side of the wall, i.e. toward steel, which is, by form, very similar to calcium hexaaluminate CaO·6Al 2 Fig. 15 shows the appearance of changed structure of the alumo-graphite SEN on contact with casting powder and slag. The primary corundum, graphite in strip form and spinnels in glassy slag are present in the structure. 
CONCLUSION
Based on the presented in the scientific paper, a conclusion can be drawn that a decrease of the alumo-graphite lifetime is most often caused by external erosion and inner build-up.
External erosion is caused by the casting powder and slag being formed in the crystallizer. The intensity of external erosion of the alumographite SEN depends on the mineralogical composition of casting powder and slag, and thereby the lifetime of the same.
Inner build-up, as the second reason of decrease of the lifetime of the alumo-graphite SEN, are most often formed in the steel deoxidation and reoxidation process.
Also, build-up can be formed due to diffusion going on in the SEN material and reaction between the material oxides and steel components in the process of continuous steel casting.
This paper is a contribution to clarification of the role of SEN and phenomena that affect its service life in the casting process.
